After reading this article, the radiologist should be able to demonstrate not only a clear understanding of the clinical and radiographic appearance of fibrous dysplasia, but also an improved confidence for the differentiation of other bone lesions from fibrous dysplasia.
Fibrous dysplasia is a bone disease of unknown etiology in which anomalous development of bone occurs due to perverted activity of the bone-forming mesenchyme. 1 In this disease, the osteoblasts fail to undergo normal morphologic differentiation and maturation. Whether or not a hereditary predisposition to the disease exists is controversial.

Pathology
Pathologically, an abnormal fibrous tissue is seen replacing the spongiosa and filling in the medullary cavity of the affected bone. Within this fibrous tissue are trabeculae of poorly calcified bone formed by osseous metaplasia. Characteristically, these trabeculae are not rimmed by osteoblasts, a distinguishing feature in the histologic differentiation of fibrous dysplasia from ossifying fibroma. Cartilaginous islands or nodules may be present in as many as 10% of cases. 1 Although the presence of cartilage is uncommon, it is important to recognize it as a "normal" component of fibrous dysplasia to prevent an erroneous diagnosis of chondrosarcoma, particularly when the cartilaginous lesions are calcified. Fibrous dysplasia has been described by a number of other terms, including fibrous osteodystrophy, osteodystrophia fibrosa, and osteitis fibrosa disseminata. It also has been called, erroneously, Albright syndrome, but Albright syndrome is a condition in which fibrous dysplasia is just one feature, occurring together with endocrinopathies. 2, 3 Fibrous dysplasia presents in two forms: monostotic and polyostotic. The monostotic form occurs in 70% to 80% of patients; the polyostotic form is seen in the remaining 20% to 30%. The disease usually begins in early childhood, and most cases are diagnosed in the second and third decades of life. The incidence is the same in males and females.
Clinical Findings
Monostotic Fibrous Dysplasia. Clinically, the monostotic form often is asymptomatic until a pathologic fracture occurs. Most monostotic lesions are found incidentally on radiographic examinations obtained for another reason. In the polyostotic form, pain or deformity of an involved bone may be the presenting complaint. In many children, fibrous dysplasia may be the cause of a limp.
Polyostotoic Fibrous Dysplasia. Polyostotic fibrous dysplasia usually is categorized as one of the phakomatoses, a group of congenital neurodevelopmental anomalies that produce cutaneous, osseous, and visceral lesions. 1 Two other common entities in this category are neurofibromatosis and tuberous sclerosis. The cutaneous manifestations include café-au-lait spots, which occur in more than 50% of patients with the polyostotic form, particularly in those patients who also have endocrine dysfunction. The café-au-lait spots typically have irregular borders ("coast of Maine" lesions), an appearance that serves to differentiate them from the café-au-lait spots found in neurofibromatosis, which generally have smooth, well-defined borders ("coast of California" lesions). In addition to the contour differences, the café-au-lait spots in polyostotic fibrous dysplasia usually are fewer in number and darker in color than those seen with neurofibromatosis, and they often appear on the ipsilateral side of the bone lesions. The café-au-lait spots often are arranged in a linear or segmental pattern adjacent to the midline of the body.
Overall, 2% to 3% of patients with the polyostotic form of fibrous dysplasia will develop an endocrinopathy. 1 The endocrinopathy is most likely to occur in 20% of girls with the polyostotic form. The most common of these endocrinopathies is the McCune-Albright syndrome, which is marked by polyostotic fibrous dysplasia, café-au-lait spots, and sexual precocity, and it is seen almost exclusively in females. [1] [2] [3] Patients with severe involvement of the skull and facial region often exhibit neurologic deficits resulting from compression of the cranial nerves. Proptosis, unilateral blindness, and nasal stuffiness from obstruction of the nasal passages are not unusual presentations.
Any bone may be affected with fibrous dysplasia. It is unusual, however, for the pelvis or a phalanx to be involved as the only focus of disease. The predominant locations are the skull and facial bones (Figure 1 ), ribs ( Figure 2 ), pelvis ( Figure 3) , femur, and tibia, in descending order of frequency. In the monostotic form, the most common location is the ribs, followed by the femur, tibia, mandible, skull, and humerus, again in decreasing order of frequency. In the polyostotic form, the skull and facial bones are most commonly involved, followed by the pelvis, vertebral column, and shoulder girdle. If the phalanges are involved, there is a typical "ray" pattern (i.e., involvement of all the phalanges and the metacarpal of a single digit). The polyostotic form usually is unilateral and, as mentioned earlier, often occurs on the same side as the café-au-lait spots.
Imaging Studies
The radiographic findings of fibrous dysplasia vary depending on its location. In the skull, the most characteristic lesions Figure 1 . Craniofacial fibrous dysplasia. A: Waters' view radiograph shows bone thickening and sclerosis around the left orbit. The process extends into the left maxillary sinus. PA (B) and lateral (C) radiographs of the skull in another patient show an expanded process involving the frontal bone and left frontal sinus. A mixture of lytic and proliferative changes is seen. Note the "ground-glass" texture in both of these patients. Paget disease of bone does not involve the paranasal sinuses or the facial bones.
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are blistering or bubbling. There usually is thickening of both the inner and outer tables. In the facial bones, thickening and increased density are seen (see Figure 1) , often with gross deformity (leontiasis ossei). The lesions commonly have a "groundglass" appearance, the hallmark of fibrous dysplasia.
In the long bones, ribs, pelvis, and spine, the lesions typically are bubbly, with a sclerotic margin of varying thickness ( Figure 4 ). Endosteal scalloping is prominent, because the lesion begins in the medullary cavity. The cortex is expanded and often has a "blown-out" appearance. The lesions have a ground-glass texture, similar to that observed in the skull. Pathologic fractures of involved bones are common in severe forms of the disease and produce bending and deformity. The most common deformity in the peripheral skeleton is the socalled "shepherd's crook" deformity of the proximal femur. On occasion, adjacent soft tissue masses may be found.
Fibrous dysplasia has been studied with both CT 4 and MR imaging. 5 The CT findings parallel those of plain radiography and are considered diagnostic. These include lucencies with sclerotic, well-defined borders and expansion of the bone. If there is a sufficient amount of cartilage within the lesion, calcifications will be found. The lesions typically have a ground-glass appearance ( Figure 5 ), which serves to differentiate them from all other lytic lesions of bone that typically produce "black holes" on CT. Most cases of monostotic fibrous dysplasia are discovered as an incidental finding on a cranial CT examination.
Although MR imaging often is used to study patients with fibrous dysplasia, there is extreme variability in the appearance of the lesions on both T1-and T2-weighted images, due to the histologic make-up of the lesions. The findings are nonspecific and typically show low signal intensity on T1-weighted images and low, intermediate, or high signal intensity on T2-weighted images ( Figure 6 ). For this reason, MR imaging should not be used to differentiate fibrous dysplasia from other bony entities.
When radionuclide bone scans are performed on patients with fibrous dysplasia, the lesions show increased tracer activity. Typically, the lesions retain metabolic activity, even in adulthood. It is not at all unusual for an old monostotic focus of fibrous dysplasia to be discovered incidentally as an area of increased tracer activity on a bone scan performed on an adult patient suspected of having metastatic disease.
Differential Diagnosis
The radiologic differential diagnosis usually is not difficult, because the appearance of the lesions is sufficiently characteristic, particularly in the polyostotic form of the disease. In adults, Paget disease of bone often is confused with craniofacial fibrous dysplasia. However, Paget disease of bone primarily involves the outer table and spares the facial bones. In the earliest stage, Paget disease of bone appears as an area of lucency (osteoporosis circumscripta). As Paget disease of bone progresses, this lytic form converts to the proliferative pattern with the characteristic "cotton wool" appearance.
Neurofibromatosis often is considered in the differential diagnosis of a patient with polyostotic fibrous dysplasia. As mentioned previously, the café-au-lait spots have a different appearance in the two disorders. Neurofibromatosis characteristically involves the vertebral column as a primary target, whereas the vertebral column is involved less commonly in fibrous dysplasia. Other characteristic findings in neurofibromatosis include defects in the sphenoid bone behind the orbit, pseudoarthrosis of the tibia, and "ribbon-like" ribs.
Hyperparathyroidism also often is mentioned in the differential diagnosis of fibrous dysplasia, because to the inexperienced bone pathologist the histology may appear similar to that of A B fibrous dysplasia. Much of this confusion occurred before Lichtenstein's paper was published in 1938, 6 and improved histochemical techniques now lessen the chance of confusion of these two diseases. Radiologic differentiation between the two diseases should not be difficult.
Metastatic tumor may be included in the differential diagnosis of a solitary bone lesion. The presence of a sclerotic rim, a well-defined lesion, or a ground-glass appearance on CT should suffice to suggest the diagnosis of fibrous dysplasia. Osteomyelitis could be confused with a solitary lesion of fibrous dysplasia, particularly in the skull. The absence of signs of infection, a normal sedimentation rate, and the presence of a sclerotic rim around the lesion should all suggest an indolent lesion such as fibrous dysplasia. Furthermore, a CT study that demonstrates the ground-glass appearance should confirm the presence of fibrous dysplasia.
Eosinophilic granuloma often is a monostotic lesion that is found in the skull and long bones. In the skull, the margins of eosinophilic granuloma usually appear beveled. Eosinophilic granuloma, too, will have a lower CT density than fibrous dysplasia ("black hole"). However, as a solitary lesion, this must be seriously considered in the differential diagnosis.
Osteofibrous dysplasia is a distinct clinical and pathologic entity that prior to 1981 was mistaken for fibrous dysplasia. 7 Osteofibrous dysplasia occurs primarily in the tibia and usually is complicated by anterior bowing. The incidence of pathologic fracture is lower than that in fibrous dysplasia. Osteofibrous dysplasia generally is found in children under age 10 years. The radiographic features are the same as those of cortical expansion. The disease spontaneously regresses. When it occurs in infancy, it has little proclivity to progress, as compared to fibrous dysplasia, which progresses quite rapidly. Histologically, there is more mature connective tissue, and the bony trabeculae are bordered by osteoblasts. In older children and adults, the appearance simulates Paget disease of bone because of the anterior curvature and widening of the bones.
Prognosis
The prognosis of fibrous dysplasia is favorable, in general. The bone lesions usually do not progress beyond puberty. Surgical correction of deformities may be necessary in severe cases. "Debulking" of large masses may be necessary in cases in which encroachment on nerves and vessels occurs. This type of surgery also may be necessary for cosmetic reasons. A small percentage (<1%) of lesions may undergo malignant dedifferentiation. 8 In the monostotic form, lesions of the skull and facial bones are more likely to dedifferentiate; in the polyostotic form, portions of the femur and facial bones transform more often. Osteosarcoma, fibrosarcoma, and, occasionally, chondrosarcoma are the malignant tumors most likely to be encountered in dedifferentiated fibrous dysplasia. As a rule, any established lesion that becomes symptomatic after a long term of indolence should be suspected of having undergone malignant change, and wide resection is recommended.
Scattered reports have described aneurysmal bone cysts occurring in conjunction with fibrous dysplasia. 9 Aneurysmal bone cysts usually are believed to represent processes secondary to other bone lesions and consist of vascular proliferation and degeneration within these lesions. Quite often, combined lesions, particularly in facial bones, may appear aggressive. Radiologists should be aware of this combination of findings. Figure 4B is shown here. The T2-weighted coronal image shows mixed increased and decreased signal in the right femur. Large fluid-filled lesions about both acetabula also are present.
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